Purpose: Uveal melanoma is the most common primary intraocular malignant tumor in adults and is defined by a poor natural outcome, as 50% of patients die from metastases. The aim of this study was to develop and characterize a panel of human uveal melanoma xenografts transplanted into immunodeficient mice.
plaque radiotherapy and photon beam therapy, the mortality remains stable and 50% of patients die from metastases that frequently involve the liver. Chemotherapy, such as oral temozolomide and intra-arterial fotemustine used at the metastatic stage, induces very low response rates, 14.3% and 36%, respectively, and a median survival time of 6.7 and 15 months (1) (2) (3) . No postoperative adjuvant therapies are currently available to decrease the risk of metastases. Several prognostic factors of disseminated relapse after initial ophthalmologic treatment have been determined, including location with respect to the equator, monosomy 3, and retinal detachment (4) . However, no effect of these prognostic markers on patient care can be envisaged in the absence of effective systemic therapies.
The growing body of knowledge about molecular and genetics events involved in oncogenesis and tumor progression has led to the identification of new therapeutic targets and therapeutic agents. Preclinical investigation in relevant models is therefore mandatory to select therapeutic agents before their assessment in clinical trials. To obtain preclinical results with high predictive value for clinical trials, the choice of the tumor models on which new compounds and novel drug combinations are evaluated is critical. Human tumor fragments obtained from patients and directly transplanted into immunodeficient mice, known as primary xenografts or tumor grafts (5) , are one category of recognized models used as tools for preclinical assays. Xenografts are known to reproduce the marked heterogeneity of human tumors and generally very closely resemble the patient's tumor in terms of histopathologic and molecular features, as well as response to therapy (6, 7) . Furthermore, procedures for assessment of therapeutic efficacy are now well standardized and facilitate evaluation of combined therapies, particularly in terms of biostatistical analysis.
This study was designed to establish a panel of primary human uveal melanoma xenografts obtained from patient tumor samples transplanted into severe combined immunodeficient (SCID) mice. The resulting xenografts were then characterized and compared with the patient's original tumors, particularly in terms of molecular prognostic markers previously identified in human uveal melanomas and response to standard chemotherapies. Our data indicate that these models constitute a useful and relevant tool for preclinical assessment of new therapeutic approaches.
Materials and Methods
Patients and tumor samples. Ninety tumor specimens were obtained after enucleation of uveal melanoma, 73 from primary tumors (enucleation), and 17 from metastases. All patients had previously given their informed consent for experimental research on residual tumor tissue available after histopathologic and cytogenetic analyses.
Some specimens were fixed in acetic acid, buffered formalin, alcohol solution (AFA) for further morphologic and immunohistochemical analysis, and others were stored in liquid nitrogen for further genomic analyses.
Data collection and statistical analysis. To define prognostic factors of in vivo tumor engraftment, the following patient characteristics were collected for the 90 cases included: gender, age, intraocular tumor location, thickness and diameter, retinal detachment, ciliary body and extrascleral tumor infiltration, primary treatment, histology, mitotic index, monosomy 3 (for available cases), primary tumor or metastatic sample, interval between diagnosis of primary tumor and first metastasis, and overall survival. A χ 2 test was used for univariate analysis. Survival curves were estimated using the Kaplan-Meier method (8) . Statistical tests were two-sided and done using a 5% level of significance using the log-rank test. Metastasis-free survival was defined as the duration from initial diagnosis to first metastasis, and overall survival was measured from the date of initial diagnosis to the date of death irrespective of the cause.
Establishment of uveal melanoma xenografts. Fresh tumor samples obtained from pathologists were immediately transplanted into the interscapular fat pad of two to four non-preirradiated immunodeficient female SCID mice, 5 to 7 wk old, without any extracellular matrix preparation under total xylazine/ketamine anesthesia. Mice were maintained in a specific pathogen-free animal housing (Institut Curie) and regularly observed for tumor growth. Mice without growing tumors 1 y after initial transplantation were sacrificed. Animal care and housing were in accordance with the institutional guidelines of the French Ethics Committee (Ministère de l'Alimentation, de l'Agriculture et de la Pêche, Direction de la Santé et de la Protection Animale, Paris, France) and under the supervision of authorized investigators.
At a volume of ∼1 cm 3 , tumors were removed and subsequently transplanted to naive SCID mice. Samples were concomitantly stored frozen in DMSO-FCS solution or directly in liquid nitrogen and fixed in AFA for further studies. After three consecutive mouse-to-mouse passages, the xenograft was considered to be stabilized and was submitted to the process of standard characterization, including histopathologic, molecular, and genetic features, all of which were compared with the patient's tumor, and in vivo therapeutic assessments.
Histopathologic analyses. Morphologic examination was done on each xenograft and compared with the histologic findings of the corresponding patient's tumor. For light microscopy examination, 4-μm-thick AFA-fixed paraffinembedded sections were stained with H&E safran. c-kit, Bcl-2, and β-catenin expressions were determined by immunohistochemistry. Antigen retrieval was done by incubating tissue sections for 20 min in 10 mmol/L citrate buffer (pH 6.1) in an 850 W microwave oven. Tissue sections were then incubated for 30 min with anti-c-kit (polyclonal rabbit, CD117; DAKO), anti-Bcl-2 (monoclonal mouse, clone 124; DAKO), or anti-β-catenin (monoclonal
Translational Relevance
The prognosis of uveal melanoma patients remains generally poor, with a risk of metastatic relapse and relative inefficacy of conventional chemotherapies. New therapies, differing from classic treatments, are therefore warranted to improve the outcome of these patients. The treatment of cancer is continually improving due to growing knowledge of oncogenesis and the development of new targeted compounds. Early clinical trials evaluating such candidates require a large number of patients, are expensive, are time consuming, and expose patients to certain risks. In vivo preclinical assessment of antitumor agents in relevant animal models is a crucial step in the drug development process. We have therefore developed and characterized a panel of uveal melanoma xenografts obtained from human primary tumors to allow preclinical pharmacologic assessment and to explore the biology of this human cancer.
mouse, 14/β-catenin; BD Biosciences) antibodies. Antibodies were diluted to 1:100 except for c-kit, which was diluted to 1:200. Staining was revealed by using the Vectastain Elite ABC peroxidase mouse IgG kit (Vector Laboratories) and diaminobenzidine (DAKO) as chromogen. Staining for the various tumor samples was assessed semiquantitatively. An isotypic control was done by using IgG1α FITC (1:1250 dilution; DAKO). Semiquantitative assessment was done by estimating at ×200 magnification, the percentage of positive neoplastic cytoplasms or nuclei defined within the area of highest positivity chosen after scanning the entire tumor surface at low power (10× objective).
Genomic analyses. To define the chromosome 3 copy number and loss of heterozygosity status and to detect other abnormalities, genetic analyses of the patients' tumors and the corresponding xenografts were done using Affymetrix Genome-Wide SNP Arrays 6.0. DNA was purified as described (9) , and loss of heterozygosity of chromosome 3 was detected with single-nucleotide polymorphisms (SNP) as described (10) . Data were analyzed using Partek Genomic Suite software, version 6.4, build 6.09.0129 (Partek, Inc.) using Partek's default parameters. Fluorescence in situ hybridization (FISH) and array comparative genomic hybridization (array-CGH) were done in two samples. FISH was done on intact nuclei after dissociation of the tumor fragment using a labeled centromeric probe specific for chromosome 3 (Vysis, Abbott Molecular) according to the supplier's protocol. For array-CGH, DNA extraction, labeling, and hybridization were done as previously described (11) .
Expression of tumor-specific antigens. Expression of tumor-specific antigens was assessed by reverse transcription-PCR on RNA extracted from both frozen patient and tumor graft samples. Total RNA extraction was done by centrifugation on a CsCl cushion to totally eliminate melanin contamination. PCR amplification was carried out on cDNA (60 ng equivalent RNA) in the presence of 0.025 units/μL of Platinum Taq (Life Technologies), 200 μmol/L of deoxynucleotide triphosphate, and 0.4 μmol/L of each primer (12) (13) (14) in a final volume of 30 μL. After a denaturation cycle of 4 min at 94°C, amplification was run for 21 to 33 cycles (94°C for 1 min, annealing temperature of 1 to 2 min, 72°C for 1 min) according to Table 1 and followed by an extension cycle of 15 min at 72°C. Serial dilutions of 60 ng of equivalent RNA from melanoma cell lines were used for semiquantitative determination: SK23 for Melan-A, tyrosinase, and NA17; MZ2 cell line for MAGE1, MAGE2, MAGE3, MAGE6, and MAGE10; LB23 cell line for MAGE4; and LB373 cell line for LAGE1, LAGE2, and MAGE-C2. Annealing temperatures and amplification cycles were as follows: β-actin, 65°C for 1 min for 21 cycles; NA17, 62°C for 1 min for 33 cycles; tyrosinase, 65°C for 1 min for 25 cycles; Melan-A, 60°C for 1 min for 24 cycles; MAGE1, 72°C for 1 min for 31 cycles; MAGE2, 67°C for 1 min for 31 cycles; MAGE3, 72°C for 1 min for 31 cycles; MAGE4, 68°C for 1 min for 31 cycles; MAGE6, 70°C for 2 min for 31 cycles; MAGE10, 65°C for 1 min for 31 cycles; LAGE1, 62°C for 1 min for In vivo tumor growth and antitumor efficacy of standard chemotherapeutic drugs. For each new tumor graft model, in vivo spontaneous tumor growth was determined by the growth delay after transplantation, the time to reach a tumor volume of 40 to 200 mm 3 , and the doubling time. For experimental therapeutic assays, female mice were xenografted with a tumor fragment of 15 mm 3 . Mice bearing growing tumors with a volume of 40 to 200 mm 3 were individually identified and randomly assigned to the control or treatment groups (6-10 animals per group, as detailed in the tables and legends of the figures), and treatment was started on day 1. Animals with tumor volumes outside this range were excluded. Mice were weighed twice a week. Xenografted mice were sacrificed when their tumor reached a volume of 2,500 mm 3 . Tumor volumes were calculated by measuring two perpendicular diameters with calipers. Each tumor volume (V) was calculated according to the following formula: V = a × b 2 / 2, where a and b are the largest and smallest perpendicular tumor diameters. Relative tumor volumes (RTV) were calculated from the following formula: RTV = (V x /V 1 ), where V x is the tumor volume on day x and V 1 is the tumor volume at initiation of therapy (day 1). Growth curves were obtained by plotting the mean values of RTV on the Y axis against time (X axis, expressed as days after start of treatment). Antitumor activity was evaluated according to tumor growth inhibition (TGI), calculated according to the following formula: percent GI = 100 − (RTVt / RTVc × 100), where RTVt is the median RTV of treated mice and RTVc is the median RTV of controls, both at a given time point when the antitumor effect was optimal. Fifty percent TGI was considered to be the limit for a meaningful biological effect. Statistical significance of differences observed between the individual RTVs corresponding to the treated mice and control groups was calculated by the twotailed Student's t test. Growth delay index was calculated as the time required to reach the same RTV in the treated and control groups, at a RTV of 4.
Two cytotoxic drugs considered to be standard treatment for uveal melanomas were tested, namely, fotemustine (Muphoran, Servier) and temozolomide (Temodal, Schering Plough). Fotemustine was reconstituted in the appropriate solution according to the supplier, diluted in 5% dextrose, and administered i.p. at a dose of 30 mg/kg every 3 wk. Temozolomide was reconstituted in water and diluted in PBS/5% dextrose/Tween 80 (2/1/1‰) and administered orally in a 0.3 mL volume on day 1 every 4 wk. Mice were treated for three cycles.
Results
Establishment of xenografts. A total of 90 uveal melanoma samples obtained from primary tumors or metastases were implanted s.c. into SCID mice as described in Materials and Methods. Of the 90 tumors transplanted in immunodeficient mice, XX gave rise to viable tumors (take rate, 28%). Twenty-five of these tumors were shown to display uveal melanoma characteristics on histopathology. Table 1 . Briefly, gender, age, history of previous cancer, and tumor parameters such as tumor site, Table 2 . Histopathologic comparison between patient tumors and corresponding xenografts Models Histopathology Chromosome 3 Bcl-2, % (intensity)* c-kit, % (intensity)* β-Catenin, % (intensity)* diameter and thickness, retinal detachment, and tumor externalization were not predictive of in vivo tumor take. Tumor growth was also independent of histologic parameters, such as epithelioid or spindle cell morphology, ciliary body involvement, mitotic index, and the presence of monosomy 3. Inversely, the tumor take rate was significantly increased when the tumor tissues were derived from metastases versus primary intraocular tumors, with take rates of 52.9% and 21.9%, respectively (P = 0.02).
The 5-year overall survival of all patients included according to the in vivo tumor growth (growth/no growth) was 26% and 77%, respectively (P = 0.01; Fig. 1A ). Tumor take in mice was predictive of a short overall survival in metastatic patients but not in primary tumor patients ( and C). Interestingly, a significant correlation was shown between in vivo tumor growth and the 5-year metastasisfree survival of patients with a primary tumor (see Fig. 1D ). Histopathologic analyses. As shown in Table 2 , the 16 uveal melanoma xenografts analyzed were composed of pure epithelioid cell in 9 cases, mixed with a predominance of epithelioid cells in 5 cases, and spindle cells in 1 case. In all but one case (MP38), histopathologic analyses showed a concordance between xenografts and the corresponding patient's tumor. For xenograft MP38, tumor cells were of the epithelioid type, whereas the patient had a spindle cell tumor. This apparent discrepancy could be explained by the presence of a small epithelioid contingent not observed on the histologic section. In three other cases of patient tumors with mixed cellularity, xenografts (MP55, MM26, and MM28) were defined as epithelioid cells, and in one case of a patient's epithelioid cell tumor, the corresponding xenograft (MP46) showed epithelioid cells, suggesting that these tumor cells may have a higher capacity for in vivo engraftment than spindle tumor cells. Four examples of patient tumors and corresponding xenografts are presented in Fig. 2 .
To establish comparisons between xenografts and primary tumors, patient tumors, and their corresponding xenografts, the expression of three proteins was determined by immunohistochemistry for all patients and the corresponding xenografts (i.e., Bcl-2, c-kit, and β-catenin). The expression of these proteins was not affected by the localized or metastatic status of the tumors. Bcl-2 expression was similar in all 14 patient tumors and their corresponding xenografts, with a range of positive tumor cells from 60% (MP77) to 100% (MP55 and MM28) and an immunostaining intensity of 1 (14%), 2 (79%), and 3 (7%). A major pigment overload prevented Bcl-2 phenotyping in two cases. c-kit expression was heterogeneous and varied between 0% (four patients and their corresponding xenografts) and 80% (MM52) with a staining intensity of 1 (67%) and 2 (33%). Three xenograft and patient tumor couples presented slight variations in c-kit expression (MP55, MM33, and MM66). All 14 patient tumors and their corresponding xenografts presented a high level of β-catenin expression, between 70% and 100% of tumor cells, and a staining intensity of 1 (7%), 2 (27%), and 3 (66%), with complete concordance between tumor grafts and primary tumors in all cases.
Genomic analyses. To validate the concordance between patient tumors and the corresponding xenografts, genomic analyses focused on chromosome 3 status. As shown in Table 2 , chromosome 3 status was determined by SNP array analyses in all 16 tumor grafts and in 14 corresponding patient tumors due to insufficient material in 2 cases. Moreover, except for patient tumor MP49 and xenograft MP47 analyzed by FISH and array-CGH, respectively, all analyses were done by SNP analysis. Of the 14 cases for which both xenograft and patient tumor were studied, 10 tumors presented loss of heterozygosity of chromosome 3 (either monosomy or isodisomy) and 4 had a normal chromosome 3 status. A good concordance was observed between patient tumors and their corresponding xenografts. The four tumors with disomic and heterozygous chromosome 3 led to xenografts with a similar chromosome 3 status. All chromosome 3 monosomic tumors led to monosomic xenografts. Interestingly, the two chromosome 3 isodisomic tumors led to monosomic xenografts. Minor differences in the genomic profiles of a tumor and its corresponding xenograft were also revealed by SNP arrays: in xenograft MP77 (derived from a chromosome 3 monosomic tumor), a homozygous loss was observed in 3p14.2 over ∼250 kb (containing the FHIT gene, which shows aberrant transcripts in about one half of all esophageal, stomach, and colon carcinomas) and in 3q13.31 over 360 kb (containing a noncoding RNA). In xenograft MM26, a normal DNA copy number (two copies) was observed in 3p14.1 over 260 kb (containing the microphthalmiaassociated transcription factor, which regulates differentiation of melanocytes in retinal pigment epithelium).
Expression of tumor-specific antigens. To compare xenografts and primary tumors, patient tumors and their corresponding xenografts were tested for 12 tumor-specific antigens (i.e., MAGE1, MAGE2, MAGE3, MAGE4, MAGE6, MAGE10, MAGE-C2, LAGE1, LAGE2, NA17, tyrosinase, and Melan-A). As shown in Supplementary Table S1, no MAGE and LAGE antigens were significantly expressed in either the patient tumors or their corresponding xenografts, except in two cases (patient tumor MP41 expressed LAGE2 <4% in comparison with 20-100% for the corresponding xenograft; patient tumor MP55 expressed MAGE1 to MAGE6 and no MAGE10, MAGE-C2, and LAGE1, whereas the corresponding xenograft expressed all MAGE and LAGE antigens except for MAGE-C2). Melan-A was expressed in all patient tumors and corresponding xenografts, with variations in the expression level in four cases (MP34, MP41, MP42, and MP46). NA17 was expressed in all cases. Finally, the level of expression of tyrosinase was similar between patient tumors and their corresponding xenografts, except in Treatments started when subcutaneous growing tumor volumes were 63 to 400 mm 3 . Tumor growth was calculated by measuring two perpendicular diameters with calipers. Tumor volume and RTV were calculated as described in Materials and Methods. Growth curves were obtained by plotting mean RTV against time. Bars, SD. Fotemustine (n = 8-9 mice) and corresponding fotemustine control group (n = 8-10 mice); Temodal (n = 6-10 mice) and corresponding Temodal control group (n = 6-10 mice).
four cases (MP46, MP77, MM66, and MM74). A very marked difference was observed in one case (i.e., MM66) for which the patient's tumor did not express tyrosinase, whereas the xenograft expressed a level of 100%. However, it should be noted that for this tumor, derived from a liver metastasis, the patient's corresponding primary tumor expressed a high level of tyrosinase antigen (i.e., 100%), as in the metastasis-derived xenograft (data not shown).
In vivo tumor growth and antitumor efficacy of standard chemotherapeutic drugs. The characteristics of spontaneous tumor growth of the 16 characterized xenografts are shown in Supplementary Table S2 . The main features were as follows: (a) the growth delay after initial transplantation ranged from 1 to 18 months; (b) after in vivo stabilization and serial transplantations, the time from transplantation to a tumor size of 60 to 200 mm 3 ranged from 20 days (MP77) to 132 days (MP38); and (c) the doubling time measured between 500 and 1,000 mm 3 ranged from 5 days (MP77) to 100 days (MP47).
Finally, to further characterize the established xenograft models, extensive therapeutic experiments with fotemustine and temozolomide, currently used in the treatment of metastatic uveal melanoma, were done. Four xenografts were chosen for pharmacologic characterization ( Fig. 3 ; Table 3 ): xenograft MP77 obtained from a patient's primary tumor and displaying monosomy 3, xenograft MM26 obtained from a liver metastasis also displayed monosomy 3, xenograft MM66 obtained from a liver metastasis and defined by a disomy 3 status, and xenograft MP38 obtained from primary tumor with monosomy 3. In vivo responses to chemotherapy are shown in Fig. 3 . For xenograft MP77, fotemustine and temozolomide were both cytotoxic, with optimal TGI of 100% and 97% and a growth delay index of 21.3 and 13.8 days, respectively (Fig. 3A and B) . Both cytotoxic agents induced complete regression of the tumors in 89% and 87% of treated mice, respectively. However, in both situations, tumor relapse occurred after a median time of 58 days after fotemustine administration and 36 days after temozolomide treatment. Similarly, fotemustine and temozolomide were both highly effective on xenograft MP38, with an optimal GI of 100% and 97%, respectively ( Fig. 3C and D) . Optimal GIs induced by fotemustine and temozolomide on xenograft MM26 were 86% and 95%, respectively ( Fig. 3E and F) . Finally, no complete remission was observed after either treatment on xenograft MM66: fotemustine and temozolomide were less effective in this model, with an optimal GI of 65% and 86% and a growth delay index of 1.2 and 1.8, respectively ( Fig. 3G and H) . No complete remission was observed after either treatment.
Discussion
The aim of this study was to establish a panel of representative xenografts obtained from human uveal melanomas and to constitute a pharmacologic tool for drug efficacy evaluation. These tumor grafts were obtained by transplantation of human primary tumors or metastases into immunodeficient mice. Such validated tumor grafts could then be useful to test the antitumor efficacy of new agents or drug combinations to improve the clinical outcome of uveal melanoma patients. Various uveal melanoma models have been developed, mainly by inoculation into mice, rats, or rabbits of various established human cell lines obtained from primary or metastatic tumors, such as 92-1, SP-6.5, OCM-1, OCM-2, OCM-3, OCM-8, IPC227, OM431, C918, and M619 cells (15) . Various injection modalities have also been used in orthotopic (16) (17) (18) and nonorthotopic situations (19) . Similarly, a few genetic engineering models have been obtained by transforming uveal cells with oncogenic viruses (20) . Primary tumor growth was observed in the retinal pigment epithelium and in metastatic lesions. One therapeutic experiment (dacarbazine and external beam irradiation) has already been reported (21) . However, the prevalence of mice developing tumors remains low (i.e., ∼20%) and insufficient for preclinical pharmacologic screening. Finally, two research teams have each developed a primary human tumor xenograft (16, 22) . Establishment of a large panel Abbreviations: GDI, growth delay inhibition defined as the time required to reach the same RTV in the treated group and the control group (usually at a RTV of 4); CR, complete remission.
of uveal melanoma models therefore constitutes an essential step for preclinical experiments. Ninety human uveal melanoma fresh tumors were grafted into SCID immunodeficient mice, and 25 tumor grafts were obtained (28%). Univariate analyses of prognostic factors for in vivo tumor growth showed that the origin of the patient's tumor samples was the only parameter significantly correlated with tumor take. Heegaard et al. (22) obtained only one tumor after eight grafts (13%). This tumor was histologically a mixed cell tumor, as was the patient tumor from whom the xenograft was established. The authors considered that the low tumor graft could be due to the stromal content of the tumor that might influence the take rate. The tumors investigated all had very scant stroma, which may have affected tumor nutrition immediately after transplantation and may have resulted in the low take rate.
In other human cancer types (i.e., breast cancers), pejorative clinical and biological factors are associated with an increased in vivo tumor take (6, 23, 24) . As reported with other cancers (25) , in vivo tumor growth in this study population constituted a predictive factor for overall survival and, in nonmetastatic patients, for metastasis-free survival. This observation could therefore be the basis for molecular studies in the two groups of tumors discriminated by their capacity to grow in immunodeficient mice.
Tumor graft characterization constitutes the first step of validation of the model and comprises histopathologic analyses done concomitantly in both tumor grafts and the corresponding patient tumors by a pathologist experienced in the field of human cancer. A very good concordance was observed between the histologic features of the patient's tumor and the corresponding xenografts. However, in a few cases of mixed or spindle cell uveal melanoma, an epithelioid uveal melanoma was diagnosed in the xenograft, suggesting that these tumor cells have a better capacity to survive and grow in mice, as reported by Liggett et al. (26) . This observation is concordant with the fact that epithelioid uveal melanoma has a poorer prognosis than other forms (4, 27, 28) . Immunohistochemical studies showed that xenografts preserved the characteristic properties of the patient's tumor. Bcl-2, previously shown to be highly expressed in uveal melanoma (29, 30) , was expressed in all cases studied. The expression of c-kit, β-catenin, and tumor-specific antigens, studied in patient tumors and the corresponding tumor grafts, showed very few discordances, suggesting relative stability of tumor cell characteristics during the in vivo transplantation process. β-Catenin, described as a biomarker involved in class 2 tumor metastasis signature (27, 31, 32) , was strongly expressed in all uveal melanoma samples and may explain the relatively high risk of metastatic disease for uveal melanoma patients.
Biological characterization of the models was completed by evaluating the response of four tumor grafts to conventional chemotherapy used in metastatic uveal melanoma patients (i.e., temozolomide and fotemustine). Three of the four models studied showed high sensitivity to treatment, with complete remissions but constant and rapid progression after stopping treatment. A similar situation was observed in uveal melanoma patients for whom the overall response rate after temozolomide and fotemustine administered in the metastatic setting was 14.3% and 36%, respectively, with a median response duration of 1.84 and 11 months (1-3, 33, 34 ). All these data therefore suggest that these uveal melanoma tumor grafts correlate with the clinical outcome of metastatic uveal melanoma patients and can be used for preclinical pharmacologic assessments. Moreover, the high complete remission rate in one model (MP77) is of particular interest to evaluate therapeutic compounds that could be concomitantly combined with chemotherapy or administered as adjuvant treatment, with a main readout defined as the relapse rate in both situations.
In conclusion, the present study describes a new panel of uveal melanoma tumor xenografts, corresponding to the clinical outcome observed in patients. Such a panel could therefore be useful for preclinical therapeutic experiments and for screening of new molecular markers of response and resistance. To improve the accuracy of our established models, as previously reported with other tumor cell lines (18, 35) , we are currently developing orthotopic and/or liver metastatic tumors that might more closely mimic the natural characteristics and natural history of human uveal melanoma.
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